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ABSTRACT

The ufilization of diallel analysix for identification of superior hybrid
combinations is a common practice in maize breeding programs. This methodology
allows estimation of the combining ability of genotypes being evaluated. In this work,
nine yellow inbred lines were evaluated for general (GCA} and specific (SCA) combining
ability effects by using half diallel scheme. Thirty six Fy's produced among these parental
lines were evaluated along with one commercial check cultivar dt twe locations; Sakha
and Mallawy Agricultural Research Stations using a randomized complete block design
with four replications. Traits analyzed were grain yield, days to mid-silk, plant height, ear
height, ear length and ear diameter.

Significant differences were found for genotypes and locations for all fraits.
Genotypes % locations interaction was significant for all studied traits, except for days to
mid-sitk and ear diameter. Mean squares due to both GCA and SCA were significant or
highly significant for all studied traits; with the former being more important in
magnitude than the later, suggesting that additive genetic effects played an effective role
in the inheritance of all studied traits, except ear diameter. Moreover, the magnitude of
SCA x locations interaction was larger than GCA x Locations for grain yield and ear
length while, the reverse was true for the remaining studied traits. Parenis Sk-10 and Sk-
7015 proved ideal general combiners for grain yield, ear length, ear diameter, and
earliness, which were identified on the basis of desirable GCA effects. Cross
combinations Sk-6001 > Sk10, Sk-6001 x SKk-7015, and Sk-9215 x Nu-218 were
identified as the best crosses that showed, positive and significant estimates of SCA
effects for high-ylelding ability and exhibiting superiority over check cultivar SC155 for
grain yield, earliness, and short plants. These promising crosses would be effective and
Jruitful in the future maize program for breeding high-yielding single and 3-way cross
hybrids with ideal agronomic traits.
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INTRODUCTION

Diallel mating design has utility as a method to analyze crosses or
parents with crosses for general (GCA) and specific (SCA) combining
ability (Griffing 1956). This design provides information about the
components of genetic variation, helps the breeder in the selection of
desirable parents for crossing programs, and in deciding a suitable breeding
procedure for genetic improvement of various quantitative traits. Sprague
and Tatum (1942) defined general and specific combining ability and
interpreted GCA as an indication of gene having largely additive effects and
SCA as indication of gene having dominance and epistatic effects.




Furthermore, the performance of a hybrid is related to specific combining
ability of the inbred lines involved in the cross. Therefore, the production of
single cross hybrid necessitates selecting suitable parental lines and the best
cross combinations for further use.

Both additive and non-additive genetic components with
preponderance of additive gene action were observed in the inheritance of
grain yield and its components by several investigators; among of them Has
(1999), Ogunbodede et al (2000), Katna et al (2002), Wu et al (2003) and
Motawei (2006). The same observation was noticed by Rodrigues and Silva
(2002), Baoxian ef al (2003) and Motawei (2006) for days to mid-silk, plant
and ear height. Significant interactions of GCA and SCA variances with
environmental conditions (E) were reported, however SCA x E was more
pronounced than GCA x E (Aguiar ef al 2003, Abd El-Maksoud er al 2004,
Mosa and Motawei 2005 and Rather et ol 2009) for grain yield and Amer
(2002) and Mosa (2003) for ear length. Meanwhile, several investigators
found that GCA variance was more affected and more sensitive to
environmental conditions than that of SCA. Among these investigators,
Nirala and Jha (2001) and Mosa and Motawei (2005) for days to mid-silk
and plant height and Amer (2003), Abd El-Maksoud et al (2004) and El-
Shenawy (2005) for ear height.

Economic Superiority of experimental hybrids relative to the
commercial check cultivar was found in grain yield and other agronomic
traits by Venugopal et al (2002), Yang et al (2003) and Motawei (2005,
2006).

The main objectives of this work were to examine the combining
abilities and their interactions with locations of nine yellow maize inbred
lines in a half diallel system and to identify promising yellow hybrids for
yielding ability with suitable agronomic characters.

MATERIALS AND METHODS

Nine elite yellow inbred lines of maize (zea mays L.) were chosen for
this study on the basis of their GCA effects for grain yield (Table 1).

Tablel. Pedigree and origin of the nine parental inbred lines.

Name Pedigree Origin
P, 8k-5024 Exotic Eg-99 France
P; 8k-5026 SCSk-121x8d-318
P, 8k-6001 Compsite-21
P, Sk-9215 Exotic DMY-5703
Ps Sk-8117 Exotic DMY-115
Py Sk-5027 Gm-1004x5k-6241
P, Sk-10 Exotic Ugo-2004
P; Sk7015 D.C. (Sk-121xSk-7266)x(B-73xGm-1021)
Py Nu-218 Nubaria-2007
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One set of diallel crosses, excluding reciprocals were formed among
these inbred lines at Sakha Agric. Res. St. during 2007 growing season. The
resultant 36 Fy's along with SC155 as a check hybrid were evaluated at two
locations; Sakha (North Egypt) and Mallawy (upper Egypt) using
randomized complete blocks design (Steel and Torrie, 1980) with four
replications during 2008 growing season. Plots were represénted by one
row; 6m long and 0.8 m apart with 25 plants per row. Cultural practices
were applied as recommended at the two locations. Data were taken on the
agronomic traits: number of days to mid-silk (DS), plant height (PH) in cm,
ear height (EH) in cm and grain yield and its components: ear length (EL)
and diameter (ED) in cm. Grain yield per plot was converted into grain yield
in ardab/feddan (ard/fed), where one ardab =140 kg and one feddan =
4200m? and was adjusted on the basis of 15.5% grain moisture content.

Data were analyzed across two locations after testing the homogeneity
of error mean squares according to Snedecor and Cochran, 1967.Combining
ability variances and effects were calculated according to the method 4
model I (fixed model) of Griffing (1956). The hybrids effect was assumed to
be fixed while; the locations effect was considered random.

Superiority of experimental hybrids over check cultivar (Sup %) for
days to mid-silk, plant height, ear height and grain yield was computed
according to Meredith ~nd Bridge (1972) as follows:

SupY = _F-Mch
Mch

Where: F, is the mean value of expenmental hybrid and Mch is the
mean value of the check cultivar.

RESULTS AND DISCUSSION

Combined analysis of variance for the six studied traits is presented in
Table (2). Test locations (L) proved different as revealed by highly
significant mean squares due to locations effect for all traits, indicating
variation between the two locations in climatic conditions. Highly
significant differences were detected among genotypes and variances due to
their interaction with locations were significant for all traits except for DS
and ED traits.

Mean squares due to combining abilities (Table 3) indicated that both
GCA and SCA mean squares were significant or highly significant for all
studied traits. This means that differences among parental lines for GCA
and-among crosses -for SCA effects were. obvious. Mean -squares due to: -
locations x GCA and locations x SCA interactions were highly significant
for grain yield. Highly significant mean squares due to GCAxL interaction
were also detected for PH and EH; and due to SCA x L interaction for EL.
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Table 2. Combined analysis of variance for DS, PH, EH, GY, EL, and ED

across locations. :

sOovV. df Ds °~ PH - EH GY FL ED
Logation (L) 1  83.274%* 14251698%% 62553.41%* 6840.63** 254.56** 2.687**
Rep/L 6 12.247 163241 111995 2608 295 0.132
Genotypes - 36  14.736%*  1022.1%*  1038.03*¢ 68.147%*  6995%%  0.147"*
Genotypes xL 36 . 151 . 299.42%%  346353%% 228129  2.627*  0.064
Error 216t 152 11142 2937 934 1554  0.062
CV% . 2.07 42 65 104 6.6 52

*, w* Significant differences at 0.05 and 0.01 levels of probability, respectively.

Table 3. Mean squares from the diallel analysis for DS, PH, EH, GY, EL, and
ED combined across locations. '

S.0v.. d4f DS PH EH GY EL ED
GCA 8 57.582** 3621.192* 3930.44* 19236* 21.12**+ 0.281*
SCA . 27 2562 229.183* 190.65** = 33.296* 3.062* 0.109*

GCAxL 38 <2.065 962.04** 1303.192** 3503** 2553 0.0845 (.
SCAxL 27 1.27 111.096 74.182 16.818** 2.678* 0.0556

+, ++ Sipnificaut differences at 0.05 and 0.01 levels of probability, respectively.

DS: number of days to mid-silk, PH: plant height (cm), EH: ear height (cm),
GY: grain yield (ard/fed), EL: ear length (¢cm) and ED: ear diameter (cm).

Significant mean squares due to GCA and SCA interactions with locations
are undesirable and suggest that both additive and non-additive gene action
were less stable over environments. These results were in agreement with
the studies of Matzinger et al (1959) and Gamma et al (1995).

Mean performance for the six studied traits are presented in Table (4).
Number of days to mid-silk ranged from 57.1 (P7x P8) to 61.8 (P4 x P6)
with an average of 59.4 days. Plant height ranged from 229.3 cm (P1 x P2)
to 282.4 cm (P6 x P8) with an average of 252.0 cm and ear height ranged
from 119.5 cm (P1 x P2) to 179.9 cm (P6 * P8) with an average of 144.5
cm. Meanwhile, grain yield ranged from 23.69 ard/fed (P2 % P4) to 35.51
ard/fed (P3 % P8) with an average of 29.5 ard/fed; ear length ranged from
16.6 cm (P2 x P5) to 20.5 cm (P1 % P7) with an average of 18.9 cm and ear
diameter ranged from 4.55 cm (P2 x P8) to 5.23 cm (P6 x P7) with an
average of 4.8 cm. Results also indicated that 14 out of 36 F;s were eatlier
than the check hybrid and most crosses had shorter plant height and lower
ear placement than the check hybrid. Moreover, 13 out of 36 Fs were
superior in yielding ability and most of them were earlier and had better
plant type than the check hybrid SC155.
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Table 4. Mean performance, Percentage of superiority of experimental
hybrids over check cultivar 155 (Sup. %) and SCA effect for DS,
PH, and EH combined across Sakha and Mallawy, 2008,

Agronomic traits
D5 PH En
GenoYPC | Mean Sup. SCA |Meam Sup. SCA | Mean Sep. SCA
dw % effects | (em % eiTects e % ellech
PixP2 60.7 32 0.394 93 -13.8* =319 119.8 225 5853
PixP3 6l.1 3191* 0.045 2391 <9 84" 222 1374 109 0.39
Pl xP4 613 425" -0.205 2388 -10.0* 496 136.1 -11.7 667
Pl xPS 61.6 4.76* 0.902* 2402 9. 7% 1.71 1398 9,34 520
PIxPs 6l.7 493* 0,705+ 2437 -4 -2.54 1411 -8.5 -2.582
PixP? 595 1.1% -0.634 2420 -4.0* -1.12 1330 -13.7¢ 007
P1x PB 613  425%  L169* | 2578 3.1 215 | 1464 510 449
Pl x P9 597 153 -0.188 2428 -8.7% 026 1356.1 =117 0.34
P2xP3 592 0.68 -0.152 2343 -11.95* -10.44* 1290 -i6.3* 692*
P2xP4 60.0 2.04 0.102 2355 -11.5% -1.88 1288 -16.5* 034
P2xPs 53.2 -1.02 £0.795* 253.2 -4.8 11.24* 1408 -3.7 7.25¢
P2 x P6 61.0 3.74% 0223 2490 64 0.76 1404 -89 -2.51
P2xP? 592 0.68 0.795* 2485 -£63* 192 1368 -113 4,74
P2x PR 59.1 0.51 0.598 2622 -1.4 3.06 1544 013 4.56
P2xM 578 -1.70 -0.384 246.1 -7.52¢ 0.04 1325 -l4.1* 223
PixP4 598 1.70 0.027 2480 -6.8% 183 1394 9.6 «1.28
PixPs 590 0.34 0.009 2554 4.8 458 150.5 2.4 4.75
PixP6 60.5 2.89* 0223 2580 -30 -0.54 1553 071 0.11
PIxP? 58.1 -1.19 0.723* 2650 0.04 963" 1474 4.4 311
PixPi 580 -1.36 0.473 2616 -1.6 -6.65* 155.1 0.58 -65.94*
PixP9 58.2 -1.02 -0.045 2583 29 35 t53¢ 0.26 6.77*
P4 x PS 59.1 -l -0.366 2417 -0 1% -1.62 135.0 -12.5 -3.23
M xP6 61.8 5.10% 0.651 246.8 -7.4% -4.24 143.3 6.7 -3.87
P4xP7? 594 1.02 0473 2413 -9.3* -5.66% 1335 -13.4¢ -3.15
P4 x P} 583 -0.85 -0.598 2622 -14 1.711 1558 1.04 1.20
P4 xP9 586 034 -0.080 2532 -4.8 581 1429 -7.33 342
PSxP6 610 374¢ 0.634 2541 4.5 -1.62 1518 -1.56 0.96
PsxP7 57.6 -2.04¢ 0.419 2510 5.6 -1.56 1375 -10.8 -4.34
P5x P8 58.0 -1.36 0.116 2603 - =23 -4.92 1549 0.46 -4.76
P5xP9 580 -1.36 0.152 2443 -8.3* -7.81% 140.6 -8.82 -3.92
P6 x P7 590 034 0,771+ 261.1 -1.8 0.81 1524 -1.17 11§
P6 x P8 597 153 -0.098 2824 57 9.46* 179.9 16.7* 10.8*
Pox PO 598 1.70 0295 2593 26 -0.56 152.0 -1.43 -1.94
PIxP8 57.1 -2.89* 0402 2663 0.00 -3.49 1585 2719 034
P7xP9 575 -22]% 0.241 2570 3.4 0.37 1414 -8.30 - -1.69
P8 x P9 57.2 -2.72* -0.080 2676 0.04 -1.62 160.1 3.83 -0.75
8CI155 58.8 - - 266.1 - - 154.2 - -
L.S.D. at 6.05 1.24 - - 17.49 - - 18.81 - -
L.S.D for Sy at 0.05 - - 0.708 . - 6.62 - - 5.41

* Significant difference at 0.05 level of probability

Superiority of experimental hybrids relative to the check hybrid SC155
for DS, PH, EH and GY revealed that SC P7 x P8, P7 x P9 and P8 x P9
exhibited negative (favorable) and significant values toward earliness.
Meanwhile, 16 single crosses for plant height and 6 F)s for ear height had
negative and significant values toward short plant and low ear placement
(Table 4). Single crosses, P3 x P7 and P3 x P8 had the highest positive and
significant values for grain yield (15.78 and 16.05%, respectively) compared
to SC155 (Table 5). In contrast, four single crosses viz. P4 x P8 (9.77%), P6
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Table 5: Mean perfomancé; Percéntage“of superiority of experimental
hybrids. over check cultivar 155 (Sup. %) and SCA effect for DS,

PH, and EH combined across Sakha and Mallawy, 2008.

Grain yield and yield component traits
3 : GY EL ED
GenotP * | Mean Sup.r SCA |Mesn Sup. SCA |Mean Sup. SCA
ard/fed % __ effects | (cm) % _ cffects | (cm) % effects
P1xP2 25.53 15_;1* -1 | 182 32 068 | 473 -39 0.04
PixP3 31.25 212 0587 | 186 -1 030 ] 475 36 <003
PlxP4 29.61 323 0554 | 197 43 0.54 47 -39 004
PLxP5 - 2576  -1581* 0255 | 187 . -053 026 | 4783 23 0.01
P1xP6 2983 251 0061 § 193 266 050 | 498 120 0.09
Pl xP7 32.33 565 1318 | 205 904 044 | 493 020 0.01
Pl x P8 30.84 078 0543 | 204 851 067 | 475 36 006
Pl x P9 28.52 68 Dasz | 193 53 042 | 4718 23 001
P2xP3 2999  -199 1567 | 182 32 036 49 L4 021*
P2 x P4 2369  -226* 313 182 - 32 008 | 458 69+ -0.10
P2xP5 2687  -12.19 309 | 166 -117¢ 075 | a7 36 0.05
P2 x P6 29034 412 169 19.4 16 037 47 45 £0.10
P2xP7 2625  -142* 253 | 198 53 086 | 433 -18 -0.01
PLx P8 28.41 12 0M ) 182 . 32 0353 | 455 75 0a7
P2x P9 2794 849 117 195 37 028 | 415 36 0.07
PIxP4 3006 -176 078 182 32 005 49 041 0.13
PIXPS 2646  -1353  .1.34 169 -i01* 038 48 24 0.03
P3Ix P6 3176 3 0.09 177 59  -107* | 478 28 012
P3xP7 3543 1578*  263¢ | 199 59 099 | 485 -i4 0.08
P3x P8 3551 1605 274 | 189 053 021 480 24 -0.01
PIxP9 2569 -604* S0 | 193 222 015 | 465 55¢  014*
PAx PS5 2569  -1605* 050 | 178 53 019 | 435 -14 0.09
P4 x P6 2921 454 086 | 191 16 0.2 49 041 002
P4 x P7 3028 <105 091 18.1 37 -L10° | a9t 12 0.07
P4 x P8 33.59 9.77 2.4 191 16 012 | 468 48 0.13
P4x P9 2m 709 358¢ | 194 -1.1 002 | a7 A5 003
P5xP6 2555  -l6so*  -148 | 186 -1l 0.36 48 -24 008
P5x P7 2841 716 026 189 0353 0.47 47 45  021¢
P5x P8 2706  -11.57  -l46 | 178 53 042 50 16 0.19%
P5x P9 2784 902 169 183 053 027 4.7 45 -0.08
76 x P7 3332 8.39 129 198 53 £01 | 523 63*  0.19*
P6 x P8 32.87 742 0.48 204 s 077 | 498 12 005
P6x P9 2887 565  -116 | 199 59 006 | 485 -14 -0.05
P71 P8 31.26 216 226 | 187 053 .12+ | 493 020 003
PTx P9 31.33 239 0.19 197 48 -0.53 50 16 0.07
PR x P9 3165 343 0.13 20.3 8.0 0.31 498 12 0.16*
SC155 30.6 - - 18.8 - - 492 - -
L.S.D. at 0.05
between two 4.82 - - 1.64 - - 025 - -
‘means. -
L.SDat0.05 for
S, from zera - - 247 - - 102 - - 0.14

* Significant difference at 0.05 level of probability
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x P7 (8.89%), P6 x P8 (7.42%) and P4 x P9 (7.09%) had positive and high
values for grain yield but did not differ significantly from the check hybrid
155. The highest values for ear length and ear diameter were detected for P1
x P7 and P6 % P7, respectively. According to the results, five crosses i.e. P3
xP7, P3 x P8, P4 x '8, P4><P9andP6><P7hadthemostfavomblevalues
for earliness, short plant, low car placement as well as superior grain yield
as compared with the commercial check hybrid SC155.

Estimates of SCA effects for the six studied traits of the 36 crosses
(Tables 4&5), revealed that P3 x P8 was the most superior cross in terms of
greater grain yield, shorter plant with low ear placement and early
flowering. Moreover, SC P3 x P7, P4 x P9 and P2 x P5 exhibited positive
and significant values of SCA effects for grain yield. Cross P2 x P5 showed
also negative and significant estimate of SCA effects towards earliness.
Developing hybrids for earliness and short plant together with high yield is
one of the major objectives of maize breeding program. Thus the crosses P3
x P8 and P4 x P9 are the best combinations for this purpose in the present
study.

Estimates of general combining ability effects for the six studied traits
are found in Table (6). Inbred line P1 was an ideal general combiner for
both PH and EL. On the other band, inbred line P7 and P8 were identified as
good combiners to the suitable inbred lines for earliness, high yielding
ability, ear length, and ear diameter. In addition, parent P6 for ear diameter
and P9 for earliness and ear length had favourable alleles for these traits.
These results suggested that it could be possible to use the previous inbred
lines in maize breeding program for improving these traits.

Table 6: General combining ability effects for DS, PH, EH, GY, EL, and ED
combined across two locations.

Agronomic traits Yield component traits
Tnbred lines DS PH EH GY EL ED
P1 1.694* -11.260* -9236 | -0.295 0495* -0.022
P2 0.0159 -7.796 -10.289 | -2.531* -0.528* -0.115*
P3 -0.0377 0.990 1.960 1.491 .541* 0.019
P4 0.462* -6.439 -5.558 | -0.119 -0.293 -0.029
Ps -0.395 -1.814 -0.468 | -3.154* -1.039* -0.029
P6 1.337# 5.937 8.925 0.717 0.318 0.092*
P7 -0.984* 2.758 -1950 | 1.841* 0.508*  0.124*
P8 -0.913* 15.365* 15.853* | 2.208* 0.322 0.014
P9 -1.180* 2.258 0.764 -0.158 0.758** -0.015
LSD at 0.05 for & 0417 9.011 1049 1.72 0.464 0.084
0.626 13.517 15.732 2.579 0.696 0.127

* Significant difference at 0.05 level of probabitity.
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~ Additive and non-additive genetic variances and their interaction with
locations are-shown in Table (7). K2GCA, which reflected additive gene
action, represented the effective and important contribution to the total
genetic variance (from 57.7 to 86.8%) in the inheritance of all studied traits,
except for ED (36.4%). Numerous investigators (among them Ogunbodede
et al 2000, Katna et al 2002, Wu ef al 2003 and Motawei 2006 for GY and
EL and Rodrigues and Silva 2002, Baoxian et al 2003 and Motawei 2006
for DS, PH.and EH) reported that additive gepe action represented the major
role in the inheritance of these traits.

Table 7. Additive and non-additive genetic variani:e_i'or DS, PH, EH,

GY, EL and ED. _
T : Agronomic traits - Yield component traits
-Genetic component DS PHE - EH P EL  ED
K’GCA 0.991 4748 469 | 2381 033 0004
KISCA ' 0.162 1476 1456 ) 206 0050 0.007
¢’GCAXL : 6019 3032 4330 | 0915 0.121 0.003
&'SCAXL 000 000 000 1.85 0272 0.00
%K GCA/K*GCA+K?*SCA 859 763 763 577 868 36.4

On' the other hand, the magnitude of ’sca X locations interaction was
larger than o’gea x locations for GY and EL while, the reverse was true for
the remaining studied traits. Abd El-Maksoud et al (2004), Aguiar et al
(2003), Mosa and Motawei (2005) and Rather et al (2009) for GY and Amer
(2002) and Mosa (2003) with respect to EL found that non additive gene
effect was more interacted with environment rather than that additive type
of gene action. In contrast, other investigators such as Nirala and Jha (2001),
Mosa and Motawei (2005) for days to mid-silk and plant height, Amer
(2003), Abd El-Maksoud et al (2004) and El-Shenawy (2005) for ear height
found that o’gea X L interacted more than ozsc,\ xL.
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